Being an autochthonous species in humans, Lactobacillus gasseri is widely used as a probiotic for fermented products. We thoroughly compared the gene contents of 75 L. gasseri genomes and identified two intraspecific groups by the average nucleotide identity (ANI) threshold of 94%. Group I, with 48 strains, possessed 53 group-specific genes including the gassericin T cluster (9 genes) and N-acyl homoserine lactone lactonase. Group II, with 27 strains, including the type strain ATCC 33323, possessed group-specific genes with plasmid-or phage-related annotations. The genomic differences provide evidences for demarcating a new probiotic group within L. gasseri.
Python script (https://github.com/widdowquinn/pyani), the 75 genomes were cleanly classified into two groups at the 94% threshold: Group I, consisted of 48 strains, and Group II, consisting of the remaining 27 strains including the type strain (ATCC 33323 T , Fig. 1 ). The genome size ranged from 1.86-2.14 Mb in Group I (average 1.98 Mb) and ranged from 1.78-2.01 Mb in Group II (average 1.89 Mb). The average numbers of protein sequences were 1920 for Group I, 1844 for Group II, and 1893 for both groups (see Supplementary  Table for details) .
To elucidate the differences between Groups I and II from their gene contents, we computed orthologous gene groups from the overall 141,948 protein sequences using the GET_ HOMOLOGUES software (version 1.3) with default settings [7] . Among the 6142 gene groups obtained, 3946 groups contained multiple genes, and 2196 were genome-specific genes, i.e., singletons (Fig. 2) . Although the number of genes in each genome was not much different between Group I and Group II, the number of singletons in Group II (27 strains) is far more than in Group I (48 strains). After removing genes of hypothetical/unknown functions, we selected genes whose conservation rates between the two gasseri groups differed by more than 80%. The numbers of Group I-and Group II-specific genes became 53 and 46, respectively. For these genes, we manually verified with the Mauve software whether the selected genes form a gene cluster [8] and identified 5 conserved clusters in Group I and 4 conserved clusters in Group II, respectively (Table 1, 2 and Fig. 3) . Notably, we observed a highly conserved gassericin T cluster (cluster ID: G1C1 in Table 1 ) and a putative N-acyl homoserine lactone (AHL) lactonase in Group I.
L. gasseri has been reported to produce several bacteriocins, i.e., antimicrobial proteins against its phylogenetic relatives. Gassericin A was reported in L. gasseri LA39 [9] , and analogs of gassericin T were reported in L. gasseri SBT2055 (gassericin T) [10] , LA158 (gassericin T) [11] , LF221 (gassericin K7 B) [12, 13] , and EV1461 (gassericin E) [14] . The former, gassericin A, is a rare Class IIc circular bacteriocin. Only the G256_6_33 strain in Group I (SRA: ERR570193) and 4 strains in Group II (G278_2_12, G278_5_18, G287_2_14, and G287_5_2; SRA: ERR570265, ERR570270, ERR900639, and ERR900640, respectively) possessed its close homologs.
On the other hand, gassericin T and its analogs are Class IIb two-peptide bacteriocins and have been widely found within L. gasseri. The multiple analogs presumably result from their promiscuous inhibitory spectra that depend on subtle amino acid substitutions or modifications.
The production of gassericin T requires 9 related genes in a 7 kb genomic region in L. gasseri LA158 (GenBank: AB710328.1) [11] . In Group I, this region was completely conserved in 39 out of 48 strains. Among the remaining 9 strains, seven conserved the partial region (5.2 kb) and lacked the two gassericin T peptide genes (gatA and gatX). Only two out of 48 strains, strain G277_2_5 (SRA: ERR570252) and strain 130918 (GenBank: GCA _000814885.1), lacked the whole region. The regional alignment, created by the Easyfig visualizer (version 2.2.2), is depicted in Fig. 4 [15] . In contrast, all strains in Group II lacked the region except strain G257_1_23 (SRA: ERR570195), which retained a partial region (4.3 kb) without the two peptide genes. In most strains in Group II, however, the two bordering genes, gatP and pedB, were well conserved (Tables 1, 2 ). GatP is an autoinducer for gassericin T (see later), whereas the function of pedB is has not been determined, and it is hypothetically annotated as "pediocin immunity protein" in the DAGA database.
Among the 48 Group I strains, an additionally conserved gene was the AHL lactonase related to quorum sensing. It is a communication system of bacteria to coordinate population. Gram-positive bacteria typically use secreted peptides as autoinducers, and gatP is known as the autoinducer gene for gassericin T production [14] . On the other hand, Gramnegative bacteria often use small molecules such as AHLs and Autoinducer-2 (AI-2 or furanosyl borate diester) [16] . The AHL lactonase is therefore a quorum-quenching enzyme, hydrolyzing the lactone ring of AHLs. As a member of the metallo-hydrolase superfamily [17] , this lactonase has been found in various genera such as Bacillus [18] , Agrobacterium [19] , Rhodococcus [20] , and Streptomyces [21] .
In Group I, the AHL lactonase was fully conserved in 42 strains, and 4 strains conserved slightly shorter protein sequences. Two strains, G277_2_5 and UMB0099 (SRA: ERR1045819), lacked the gene, and the former strain did not possess the gassericin T cluster either. The amino acid sequence similarity among the 42 Group I strains was 91.1% (256/281 residues). The amino acid similarity between AHL lactonases in L. gasseri K7 and Bacillus sp. 240B1 (GenBank: AF196486.1) was 23.5% (66/281 residues). The gene was not found in Group II.
The extremely high correlation between the gassericin T gene cluster and the AHL lactonase gene in Group I is noteworthy. The gene cluster is chromosomal (at least in complete genomes), showing a good contrast to the gassericin A gene cluster (4 kb) on a plasmid of the producer strain L. gasseri LA39 (JCM11657; the strain was not included in our The genome distance is (1-ANI). study due to the absence of the whole genome sequence) [22] . In our study, the gassericin A cluster was found in only one strain in Group I (3 kb partial match in ERR570193) and 4 strains in Group II (a 4 kb complete match in ERR570265 and ERR570270 and a 3.7 kb partial match in ERR900639 and ERR900640). From the draft sequence information, it is hard to tell whether they are plasmidal or chromosomal. However, Group II strains possess more genome-specific genes, and their conserved clusters also contain plasmid-or phagerelated annotations such as "TetR transcriptional regulation," "integrase," or "RelE/StbE toxin-antitoxin" (Table 2) . These facts together with the ANI analysis demarcate Gene names follow the output of DAGA annotation, and the cluster ID is our tentative assignment in this Table. Gene names follow the output of DAGA annotation.
a new probiotic group within L. gasseri. To investigate the functionality of the gassericin T cluster and to biochemically characterize Group I strains, we are conducting an investigation with a polyphasic taxonomic approach (in preparation).
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Positions of group-specific clusters are indicated by Cluster IDs (also see Table 1 ).
